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The applicant is hereby notified that the international search repori and the written opinion of the Inicriutliunal Searching: 
Authority have been established and are transmitted herewith. 

Filing of amendments and statement uuder Article 19: 

The applicant is entitled, if he so wishes. u> amend the claims of the international application (see Rule 46): 

When? "Ilie time limit for filing such amendments is normally two months from the date of transmittal of the international 
search report. 

Where? Directly to the International Bureau of W IPO. 34 chemin des ColombeHes 
i2J J Geneva 20, Switzerland. Facsimile No.: +41 22 740 14 .35 

For more detailed instructions, sec the notes on the accompanying sheet. 

Hie applicant is hereby notified that no international search report will be established and that the declaration under 
Article I7(2)(a) to thai effect and the written opinion of the International Searching Authority are transmitted herewith. 

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

Q the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices, 
no decision has been made yet on the protest: the applicant will be notified as soon as a decision is made. 

Reminders 

Shortly after the expiration of 1H mouths from the priority dale, the international application will be published by the International 
Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach (lie International Bureau as provided in Rules 9G7w'.t. i and 9G7>i.v.3. respectively, before the completion of 
the technical preparations for international publication. 

The applicant may submit comments on an informal basis on the written opinion of the International Scutching Authority to the 
International Bureau. 'ITie International Bureau will send a copy of such comments to all designated Offices unless an international 
preliminary examination report has been or is to be established. These comments would also be made available to the public but not 
before the expiration of 30 months from the priority date. 

Within 19 months from the priority dale, but only in respect of some designated Offices, a demand for international preliminary 
examination must be Hied if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed 
acts for entry into the national phase before those designated Offices. 

In respect of othci designated Offices, the lime limit of 30 months (or later) wiij apply even if no demand is tiled within 19 

mom hs. 

See the Annex to Form PCT/fB/301 and. for details about the applicable time limits. Office by Office, see the PCT Applicant 's 
Guide, Volume 11, National Chapters and the WIPQ Internet site. 
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This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmuted to ihe International Bureau.' 

This international search report consists of a total of ^ sheets. 

It is also accompanied by a copy of each prior art document cited in this report. 



[. Basis of the Report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which ii w;ix tiled, unless otherwise indicated under this item. 

I I The international search was carried out on the basis of a translation of the international application 

furnished ro this Authority (Rule 23. 1(b)). 

b -CZl With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1. 

2- [Z] Certain claims were found unsearchable (See Box No. fl) 

3 [3 U nit v of at vent ion is lacking (See Box No. Ill) 
4 . W i th regft rd to t he tit le , 

1X1 the text is approved as submitted by the applicant. 

□ 

the text has been established by this Authority to read as follows; 



With regard to the abstract. 

1 I the text is approved as submitted by the applicant. 

13 (h e text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV . Trie applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority.. 



6. 



With regard to the drawings, 

a the figure of the drawings to be published with the abstract is Figure No. 2 

! j as suggested by the applicant. 

as selected by this Authority, because the applicant failed to suggest a figure. 

[X] as selected by this Authority, because this figure better characterizes the invention. 
b .n none of the figures is to be published with the abstract. 
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the lbIlow]nXre^7ns" 

Claims Nos. : 

because they relate to subject matter not required u> be searched by (his Authority, namely: 



Claims Nos.: 

because they relate us parts oi' the international application ihat do not comply with the prescribed requirements *•> 
such an extent that no meaning I interna (tuna I search can be carried out. specifically: 



Claims Nos.: 

because they arc dependent claims and are not drafted in accordance with the second and ihird sentences of Rule 



Box No. Ill Observations where unity of invention Is lacking (Continuation of item 3 of first sheet) 



Tins International Searching Authority found multiple inventions in this international application, as follows: 
Ple;i%e See Continuation Sheet 



6.4(a). 



□ 



As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

As all searchable claims could be searched without efforr justifying an additional fee, this Authority did not invite 
payment of any additional fee. 

As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



□ 



No required additional search fees were timely paid by the applicant. Consequently, this international scorch report is 
restricted to the invention first mentioned in (he claims; it ts covered by claims Nos., 



Remark on Protest ! j The additional search fees were accompanied by the applicant's protest. 

□ 

No protest accompanied the payment of additional search fees. 
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International application No. 
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Box IV TEXT OF THE ABSTRACT (Continuation of Item 5 of the first sheet) 



The technical features mentioned in the abstract do not include a reference sign between parentheses (PCT Rule 8. 1(d)). 
NEW ABSTRACT 

An image-guided radiosurgery method and system are presented that use 2D/3D image registration to keep the 
radiosurgieal beams properly focused onto a treatment forget. A pre-trcaimem 3D scan of the target is generated at or near 
treatment planning time (CT DATA). A set of 2D DRRs are generated (DRR GENERATION A and DRR GENERATION B), 
based on the pretreatmcnt 3D scan (CT DATA}. At least one 2D x-ray image of the target is generated in near real time during 
treatment (X-RAY IMAGE A). The DRRs are registered with the x-ray images, by computing a set of 3D transformation 
parameters that represent the change in target position between the 3D scan and the x-ray images (IMAGE REGISTRATION). The 
relative position of the radiosurgieal beams and the target is continuously adjusted in near real time in accordance with the 3D 
Iransfnnnmion parameters (GEOMETRIC TRANSFORMATION). A hierarchical and iterative 2D/3D registration algorithm is 
used, in which the transformation parameters that arc in-plane with respect to the image plane or" the x-ray images are computed 
.separately from the out- of plane transformation parameters. 
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INTERNATIONAL SEARCH REPORT 



international Application No. 
PCT7US04/27I58 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : A6iB 5/05; A6 IN 5/10 

USCL 378.4.62.63.65.2O5;382/132:<i00/427 < 429 
Acc ording to International Patent Classification (IPC) or to both national edification and IPC 

B. FIELDS SE ARCHED " " 

Minimum documentation searched (Classification system followed by classification symbols) 
U.S. : 378.4.62.63.65.205:382/1 32:600/427. 429 

Documentation searched other than minimum documentation to the extent: thai such documents are included in the fields searched 



Electronic data hasc consulted during the international search (name of dam base and. where practicable, search terms used) 



C. 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 
Y 
P 
Y 
Y 

A 
A 



US 5.901,199 A (MURPH Y ei al) 04 May 1999 (04.05. 1999). column 4. line 20 column 
6, line 14, column 9, lines 18-19, and figures 1 and 3. 



US 2004/0092815 AJ (SCHWEIKARD et al) J3 May 2004 (13,05.2004). abstract, 
paragraphs 24. 27, 36. 38. 39. 44. and 45, and figure 1 . 



US 5.U7.829 A (MILLER et al) 02 June 1992 (02.06. 1992). column 3. lines 50-66. 

PENNEY et al., "A Comparison of Similarity Measures for Use in 2 D - 3 D Medical 
Image Registration", IEEE Transactions on Medical Imaging, August 1998,- Vol [7. No. 4, 
pages 586-595. especially page 592. 

US 2004/02671 13 A I (THOMSON , EUAN) 30 December 2004 (30.12.2004), abstract and 
figure I . 

US 6.470.207 B I (SIMON et al) 22 October 2002 (22. 10.2002), abstract, and column 4. 
lines 1-12. 



1-3, 9, 10, 22. 85, and 
87-90 



5 1 . 53-55. and 64 
51 

8 and 51 
3 

1-90 



□ 



Further documents are lusted in the continuation of Box C. 



□ 



See patent family annex. 



* Special categoric* of cited documents: 

"A" document defining the genera* state ot the art which is not couMdered to be of 
panfcuttr relevance 

"E" earlier application or pateiir published on ot sfter die international Sling thiic 

"L" document which may thnw doubts on priori ft- clrimfs) or which l\ cited to 
ejnubtth the ?«t>lbi(»in date of .-iimsher citation or oiitci spec a J reason (as 
specified} 

• t>" document referring to m oral disclosure, use. exhibiioo or odicr ntotns 

**P" document pub foiled prior rn the iracrutuiaiui) ii&ag d;tid bit; later than the 
prions daie claimed 



!ater document published after the internatioitfi fifing date ot priority 
date and not in uuftict with the application bin i-icd to understand ihe 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered tc. invoke an inventive sep 
when the document is Ukoi nlone 

document ot particular relevance; ir.c cbimud luvaiaon cannot hi; 
considered to involve y.) inwritiw xivp wiVn nV. doiUimcr.t b- ^m&ins-.d 
*"th one or iT»fc other such documents. Midi coinbrnuuutt being 
obvious (q .i person ski led in the urt 

documr.nl member of the sanw patent family 



Date of the actual completion of the international search 
29 Aoril 2005 (29.04.2005) 


Date of mailing of the international search report 

06 SEP lib 


Name and mailing address of the ISA /US 
Mail Stop PCT, Attn: ISA/US 
Commissioner tor Patents 
P.O. Box 1450 

Alexandria. Virginia 22313-1450 
Facsimile No. (703) 305-3230 


Authorized offgr^ £ . - \ 
Chih-Cheng'Gten Kuci 
Telephone No. (571) 272-2800 
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' BOX III. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must he paid. 

Group I, clriim(s) 1-30 and 85-90. drawn to a method, system, and apparatus including adjusting the relative position of a radiation 
• ; beam generator and «i target by an amount prescribed by 3D transformation parameters. 

j Group II, eiaim(s) 31-67, drawn to a method and system including determining a sei-of in-plane transformation parameters (x, y, 0) and 
; oui-of-plane rotational parameters (r. <j>), said parameters representing the difference in position of a target as shown in an x-ray image 
; as compared to the position of the target as shown by a reconstructed image, wherein r and <j> represent the rotations of said target about 

first and second mutually orthogonal axes., said rotations being: out- of plane with respect to an image plane, said out-of-plane rotations 
j representing the projection of said target onto said image plane; and wherein x and y represent the amount of translation of said target 
I within said image plane in the directions of said x- and y- axes, respectively, and 0 represents the amount of rotation of said target 

within said image plane about an axis perpendicular (o both said x- and said y- axes. 

Group III. claim(s) 68-84. drawn to a method and system including forming n difference image by subtracting pixel values of a second 
j image from pixel values of a first image, and summing asymptotic (unctions of gradients of said difference image over all the pixels 
1 within a neighborhood R. wherein said neighborhood R is defined so that said gradients of said different image can be considered in at 
: leaal tour directions. 



j The inventions listed as Groups I, II, and III do not relate to a single general inventive concept under PCT Rule 13.1 because, under 
| PCT Rule 13.2. they lack the same or corresponding special technical features {or the following reasons: 

j Regarding Group i, the rest of the Groups lack the same or corresponding adjusting of a relative position of a radiation beam generator 
i and a target by an amount prescribed by 3D transformation parameters. 

Regarding Group II. the rest of the Groups lack the same or corresponding determining of a set-of in-plane transformation parameters 
fx. y. iU and out -of-p tone rotational parameters (r, said parameters representing the difference in position of a target as shown in an 
; x-ray image as compared to the position of the target as shown by a reconstructed image, wherein r and $ represent the rotations of said 
| target about first and second mutually orthogonal axes, said rotations being out-of-plane with respect to an image plane, said ouf-of- 
; plane rotations representing the projection of said target onto said image plane; and wherein x am! y represent the amount of translation 
| of said target within said image plane in the directions of said x and y- axes, respectively, and 0 represents the amount of rotation of 
j said target within said image plane about an axis perpendicular to both said x and said y- axes. 

; Regarding Group IN, the rest of the Groups lack (he same or corresponding forming of a difference image by subtracting pixel values 
of a second image from pixel values of a first image, and summing of asymptotic functions of gradients of said difference image over 
| all the pixels within a neighborhood R. wherein said neighborhood R is defined so that said gradients of said different image can be 
I considered in at least four directions. 
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I. This opinion contains indications relating to the following items: 



□ 
□ 



□ 
□ 



Box No. I Basis of the opinion 

Box No. II Priority 

Box No, III Non-establishmcni of opinion with regard to novelty, inventive siq-> and industrial applicability 
Box No. IV Lack of unity of invention 

Box No. V Reasoned statement under Rule 43/w.v.l(a)(i) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



Box No. VI Certain documents cited 
Box No. Vfl Certain detects in the international application 
[Xj Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority ("IPEA") cxcq>t that this does not apply where the applicant chooses an 
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66. \ bis(b) 
that written opinions of this Inter notional Searching Authority will not be so considered. 

If this opinion is. as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the 
IPEA a wriiten reply together, where appropriate, with amendments, before the expiration of 3 months from the date of 
mailing of Form PCT/lSA/220 or before the expiration of 22 months from the priority date, whichever expires later. 
For further options, .see Form PCT/ISA/220. 

3. For further details, see notes to Form PCT/ISA/220. 



Name and mailing address of the ISA/ US 
Mail Slop PCT, Ann: IS A/ US 
Commissioner for Patents 
P.O. Box 1450 

Al e xandri ;i . Vi rgini a 223 1 3- 1 A 50 
Facsimile No. (703) 305-3230 



Auihoriz^ioer <C <Z 

Chili-Cheng Glen Kao 

Telephone No. (571) 272-2800 



Form PCT/fSA/237 (cover sheet.) (January 2004; 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 


International application No. 
PCT/US04/271S8 


Box No. 1 Basis of this opinion 


1. With rebuilt to the language, this opinion has been established on the basis of the international application in the language in which 
it was tiled, unless otherwise indicated under this item. 


Q This opinion ha.s been established on the basis of a translation from the original language into the following language 

. . whieh is the language of a translation furnished for the purposes of international search (under Rules 12.3 and 

23.1(h)). 


2. With regiircl to any nucleotide and/or amino acid sequence disclosed in the inter national application and necessary to the 
claimed invention, this opinion has been established on the basis of: 


a. type of material 




1 1 a sequence listing 




1 I tablets) related to the sequence listing 




b. format of material 




I 1 in written format 




[33 in computer readable form 




c. time of tiling/furnishing 




| | contained in international application as tiled. 




I | filed together with the international application in computer readable form. 


1 1 furnished subsequently to this Authority for the purposes of search. 


3 - CZ1 * n addition, in the case that more than one version or copy of a sequence listing and/or table relating (herein has been 
filed or furnished, the required statements thai the information in the subsequent or additional copies is identical to that in 
" the application as filed or does not go beyond the application as filed, as appropriate, were furnished. 


4. Additional comments: 





Form PCT/lSA/237(Box No. I) (January 2004) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



International application No. 



PCT/US04/27I58 



r 



BOX 



No. IV Lack of unity ofinvention 



l. 




This* Aum i 




10 prjy ?iddi J imial ices. 



3. This Authority considers (luu ihc rct|uircrncni of unity of invention in accordance with Rufc 13. ! . 11 *» and n "* is 
□ complied v/iih 




ni>t complied with for the following reasons: 



Sec the lack of unity section of" the International Search Rcporr(Form PCT/ISA/210) 



4. Consequently, this opinion has been established in respect of the following pans of the inter national application 
(X) all pans. 

I 1 the parts relating jo claims Nos. . 



Form PCT/ISA/237 (Box No. IV) (January 2004) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



Box No. V Reasoned statement under Rule 43 6k. 1(a) (9 with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

i . Statement 



Novelty (N) Claims 4-8. U-2i, 23-X4. and 86 YES 

Claims 1-3.9. jO. 22 .85. and 87-90 _ NO 

Inventive step (IS) Claims 4-7. 1 1 -21. 23-84, ami 86 _ YES 

Claims 1-3. 8- 10. 22. 83. and 87-90 NO 

Industrial applicability (1A) Claims 1-90 YES 

Claims NONE NO 



2. Citations and explanations: 
Please See Continual ion Sheet 
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Form PCT/ISA/237 (Box No. V) (January 2(X>4) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



International application No. 
PCT/US04/27158 



Box No. VIII Certain observatioas on the international application 



The following observations on the clarity of the claims, description', and drawings or on the questions whether the claims are fully 
supported by the description, are made. 

Claims 35 and 36 are objected to under PCT Rule 66,2(a)(v) as kicking clarity under PCT Article 6 because the claims are indefinite 
for ihe following rcason(s): 

Claim 36 recites "said 3D matching process". However, there is insufficient antecedent basis tor this recitation in (he claim This 
objection may be obviated by changing the dependency of claim 35 from claim I to claim 31. 

For purposes of examination, the claims have been treated as such. 



Form PCT/JSA/237 (Box No. VIII) (January 2004) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



Supplemental Box 

In case the space in any of the preceding boxes is not sufficient. 



V. 2. Citations and Explanation*: 

i . Claims 1-3, 9. 10, 22, 85, find 87-90 lack novelty under PCT Article 33(2) as being anticipated by Murphy ci al. (US Parent 
; 5901199). 

Regarding claims 1 and 85. Murphy et al. discloses a method and apparatus comprising a 3D scanner configured to generate a pre- 
treatment 3D sain showing the position of said target at treatment planning time (column 4. lines 24-30); an image ^constructor 
j configured to generate a set of 2D reconstructed images from said 3D scan (column 4, lines 37-43); an x-ray imaging system for 
generating in near real time one or mure 2D x-ray images of said target, wherein said x-ray images show the position of said target at 
a current time during treatment (column 4. line 67, to column 5. line 10); an image registration system configured to register said 
rcconstrueted images with said x-ray images by computing a set of 3D transformation parameters lhat represent the change in position 
of target between said 3D scan and said x-ray images (column 5, lines il-19); and a position adjuster configured to adjust, in near real 
lime, the relative position of said radiosurgieal beam generator and said target by the amount prescribed by said 3D transformation 
parameters computed in step d (column 5, line 32. to column 6, line 14}; wherein said target is allowed six degrees of freedom of 
position (column 4. lines 57 -63). 

Regarding claim 2. Murphy et al. further discloses wherein said 3D transformation parameters represent the difference 

j between the position of the target at said treatment planning lime, and the position of the target at said current time (column 4, lines 

I 49-56). 

f 
i 

j Regarding claim 3. Murphy et al. further discloses repeating steps c through e cjuasi-continuously during treatment* whereby 

one ur more radiosurgieal beams generated by said beam generator remain properly focused onto said target throughout said 
radiosurgieal treatment (column 9. lines 1.8-19). 

Regarding claims 9 and 88-90, Murphy et ai. further discloses wherein said x-ray images generated in step c comprise x-ray 
projection images thai represent at least two orthogonal projections A and B of said target onto respective projection image planes, 
.said x-ray projection images being formed by transmitting at least two x-ray imaging beams with an x-ray imaging beam generator 
through said target and onto said respective image planes, wherein each imaging beam is received by a respective x-ray camera after 
: passing through said target (figure 3. £42). 

Regarding claim 10. Murphy et al. further discloses generating two sets of reconstructed images, one set for each of said 
| projections A and B (column 5. lines U-I9). 

Regarding claims 22 and 87. Murphy et al. further discloses the 3D scan comprising at least one of a CT scan with a CT 
scunner (column 4. lines 24-26). 

i 

| 2. Claim 8 lacks an inventive step under PCT Article 33(3) as being obvious over Murphy et al. as applied to claim J above, arid 
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Supplemental Box 

In case the spate in any of the preceding hoxes is not sufficient. 

further in view of Penney ci hI. ( "A Comparison of Simil»ricy Measures for Use in 2-D-3D Medical irr^iie^^riilion)! 
Murphy et at. discloses a method as recited above. 

However. Murphy et ai. docs not disclose wherein said 3D transformation parameters arc 3D rigid hody transforinatiim 
parameters, and wherein said 3D transformation parameters are represented by three translations and three rotations (x. y, z. r. p. w); 
| wherein x, y, z represent the translations of said target in the directions of three mutually orthogonal axes, respectively, and wherein 
• r, p, w represent three rotations (roll, pitch, yawj about said three orthogonal axes. 

Penney et al. teaches wherein said 3D transformation parameters arc 3D rigid body transformation parameters, and wherein 
said 3D transformation parameters are represented by three translations and three rotations (x. y, z, r, p. w): wherein x, y, z represent 
the translations of said target in the directions of three mutually orthogonal axes, respectively, and wherein r, p, w represent three 
rotations (roll, pitch, yaw) about said three orthogonal axes (table I and page 592. section C). 

It would have-been obvious, to one having ordinary skil) in the art at the time the invention was made, to incorporate the 
method of Murphy et al. with the parameters of Penney et al. . since one would be motivated to make such a modification to reduce 
computing time (page 592. column 2. paragraph 3) as implied from Penney et al. 

| 3. Claims 4 and 5 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest a 
! method including the step of creating a treatment plane after step a and before step b, in combination with all the limitations in each 
I respective claim. 

4. Claim 6 meets the criteria set out in PCT Article 33(2)-{3), because the prior art does not teach or fairly suggest a method 
including the step of processing x-ray images, alter step c and before step d. so as (o match the orientation, image size, ami bit depth 
of said x-ray images with the orientation, image size, and bit depth of reconstructed 2D images, in cmnhiruuion with all the limitations 
| in the claim. 

j - s - Claim 7 meets the criteria set out in PCT Article 33«2H3). because the prior an does not teach or fairly suggest a method 
I wherein imaging beams have a known intensity, position, and angle, in combination with all the limitations in the claim 

j 

i 6. Claims 1 1-15 meet the criteria set out in PCT Article 33(2)-(3). because the prior art does not teach or fairly suggest a method 
including the steps of individually registering each x-ray projection image A and B with their respective .set of reconstructed images, 
by determining a separate set. of transformation parameters for each projection x-ray image, and combining the resulting parameters' 
lor each projection to obtain said 3D transformation paramelers, in combination with all the limitations in each respective claim. 

I 

7. Claims 16-21 meet the criteria set out in PCT Article 33(2)-(3). because the prior art docs not teach or fairly suggest a method 
j including the steps of individually computing the transformation parameters <x A .y. v i^) and (x u .y bl ^) for each projection image A and 
B: and combining the transformation parameters for projection A with the transformation parameters for projection B so as to obtain 
said 3D transformation parameters; and wherein said 3D transformation parameters arc represented by three translations and three 
rotations fx. y. z, r. p, w) in combination with all the limitations in each respective claim. 

; 8. Claims 23-30 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest a system 
j including an imaging beam source for generating at least one imaging beam having a known intensity, and having a known position 
nnd angle relative to n target, and means for generating ar least one reconstructed 2D image, based on 3D scan data, and using said 
known intensity, location, and angle of said imaging beam, in combination with all the limitations in each respective claim. 

9. Claims 31-50 meet the criteria set out in PCT Article 33(2) (3), because the prior art does not leach or fairly suggest a method 
including the steps of determining the value of in-plane transformation parameters (X.y.$ and out-of-piane rotational parameters (r,<?/ 
tor registering a reconstructed image untn an x-ray image, said parameters representing a difference in position of a targe! as shown in 
said x-ray image, as compared to the position of the target as shown by said image reconstructed from 3D scan data, obtaining mm 
initial estimate for in-plane transformation parameters U.y.M by multi-level matching in three dimensions, between an x-ray image 
and a reconstructed image, based on parameters estimated in step a, performing an initial search in one dimension for each of the pair 
of out-of-plane rotation parameters (r,0} t and itcratively refining said in-plane parameters (x.y,^ and said out-of-planc parameters 

j (rj) until said in-plane and out-of-plane parameters converge to a desired accuracy, in combination with all the limitations in each 
' respective claim. 

10. Claims 51-67 meet the criteria set out in PCT Article 33(2)-(3), because the prior art docs nor teach or fairly suggest a system 
including a radiation source for generating at least one radiographic imaging beam having a known intensity, and having a known 
position and angle relative to a target, and means for generating at least one reconstructed 2D image of said target, using 3D scan 
(lata, and using said known location, angle, and intensity of si\ki imaging beam, in combination with all the limitations in each 
respective claim. 

I 

| II. Chums 68-81 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest a method 

I L'jgjyjjQg ..^.gt cp of formi ng a pattern intensity function by summing asymptotic functio ns of grad ients of a difference image over all 
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""' the pixels wiihin a neighborhood R. wherein said neighborhood R is defined so thai said gradients of sitid difference image can be 

i considered in at least four directions, in combination with all the limitations in each respective claim. 

! 

! 12. Claims 82-84 meet the criteria set out in PCT Article 33(2)-(3). because the prior art does not teach or fairly suggest a system 
j including software adding asymptotic functions of gradients of a difference image over all the pixels within a neighborhood R, wherein 

said neighborhood R is defined so that said gradients of said difference image can be considered in ai least four directions, in 

combination with all the limitations in each respective claim. 

13. Claim 86 meets the criteria sci out in PCT Ankle 33(2W3>, because the prior an does not teach or fairly suggest an apparatus 
including, an x-ray image processor configured to pniccss i he near real lime x-ray images so th:tt the orientation, image size, and bii 

• depth of x-ray images match the orientation, image size, and bit depth of reconstructed 2D images, in combination with all the 

f limitations in the claim. 

i 

j 14. Claims 1-90 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter 
claimed can he made or used in industry. 
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